Abstract Meckel-Gruber syndrome (MGS) is a rare autosomal recessive disorder which is characterized by a classic triad of occipital encephalocele, polycystic kidneys and postaxial polydactyly. We describe a case of classic MGS, diagnosed on ultrasonography and genetic analysis, with subsequent confirmation and correlation by fetal autopsy.
Introduction
Meckel-Gruber syndrome (MGS) is an autosomal recessive disorder characterized by at least two of the three classic manifestations renal cystic dysplasia, occipital encephalocele or any other central nervous system anomaly and postaxial polydactyly. The disease is commonly fatal perinatally or in early infancy. Although MGS is a wellreported entity in the literature, the ultrasonographic and fetal autopsy correlation is uncommonly described [1] [2] [3] [4] [5] [6] [7] [8] .
The authors report a case of MGS which was suspected on ultrasonography, following which the pregnancy was terminated and the findings were further confirmed by fetal autopsy.
Case report
A 26-year-old woman with 17 weeks of gestation from a consanguineous marriage presented to the antenatal clinic with an ultrasonography report which revealed a single intrauterine pregnancy with occipital encephalocele (Fig. 1) and enlarged polycystic kidneys. The history was not suggestive of any teratogenic drug intake or exposure. After discussing the prognosis, the patient opted for termination of pregnancy. An informed consent was obtained from the patient for the procedure and fetal autopsy along with histopathological examination of the specimens. Placental biopsy was taken, and the sample was sent for molecular diagnosis. A frameshift mutation was identified in the sample with two pathogenic copies of TCTN1 gene, which was also identified in the blood samples taken from the parents. After termination of pregnancy, the fetus was sent for autopsy which showed a female fetus weighing 350 grams. On gross examination, the fetus showed occipital encephalocele with large protruding eyes, short neck and postaxial polydactyly in all limbs (Fig. 2) . The X-ray of the terminated fetus showed shortening and (Fig. 3) . The fetal kidneys were sent for histopathological examination which showed the presence of multiple cysts (Fig. 4 ).
Discussion
Meckel-Gruber syndrome is a rare genetic lethal malformation with a worldwide incidence varying from 1/140,000 (Great Britain) to 1/3500 (North Africa) in live births [9] . A higher incidence is recorded in Gujarati Indians (1 affected birth per 1304 with a carrier rate of 1 in 18) [10] . It was first described in 1822 by Meckel JF in a pair of siblings with occipital meningo-encephalocele, polycystic kidneys, polydactyly, microcephaly and cleft palate [11] . In 1934, Gruber GB further described 16 fetuses with polycystic kidneys, polydactyly, occipital encephalocele and microphallus as demonstrating dysencephalia splanchnocystica [12] . The identity of this syndrome, however, was not established until 1969, when Opitz and Howe [13] proposed the name Meckel syndrome and delineated its clinical and pathologic features.
The central nervous system anomalies may range from the classic occipital exencephalocele to prosencephalic dysgenesis, rhombic roof dysgenesis, microcephaly, cerebellar hypoplasia, cranial rachischisis, hydrocephalus, polymicrogyria and Dandy-Walker malformation [14, 15] . MGS is most commonly characterized by polycystic kidneys, occipital encephalocele and polydactyly with a reported prevalence of 100, 90 and 83.3%, respectively [16] . The excessively large, cystic, dysplastic kidneys cause marked abdominal distention. Other genitourinary anomalies may include agenesis, atresia, hypoplasia and duplication of ureters, severe hypoplasia of male genitalia with cryptorchidism, epididymal cysts and the absence or hypoplasia of urinary bladder. Ductal plate malformation is common in the liver with fibrosis, and proliferation of the bile ducts in the hepatic portal tracts and fibrocystic changes of the pancreas have also been associated with MGS [16, 17] . Facial anomalies such as cleft lip, high arched palate and hypertelorism are also observed in many cases [14] . Skeletal malformations may also include shortening and bowing of long tubular bones and club feet (Fig. 4) . Cardiac anomalies like atrial septal defect, ventricular septal defect or a patent ductus arteriosus may be present. These findings can be confirmed on fetal autopsy and genetic study [1] .
On histological examination, the cysts are spherical and lined by single-layered cuboidal epithelium, glomeruli are absent, and interstitial fibrosis is prominent. Occasionally, the liver may show proliferation and dilation of the bile ducts, alongside an excess of collagenous connective tissues. The encephalocele contains disorganized glial tissue with ependymal-like epithelium and thickened meninges with many congested blood vessels [18] .
The maternal serum alpha-fetoprotein levels may be elevated as a result of encephalocele or other neural tube defects by 12 weeks of gestation [19] .
Meckel-Gruber syndrome is among the broader range of ciliopathies known so far, including autosomal dominant polycystic kidney disease and Joubert syndrome (JBTS). Although MGS has been commonly reported in consanguineous marriages, it has been known to occur in fetuses from non-consanguineous marriages as well, pointing to the presence of locus heterogeneity and allelism with a marked variability of phenotypes. Recently, up to 12 mutations have been identified and mapped to different loci on several chromosomes, the most prominent among these being MKS1-3 [20] . These genes encode proteins and their complexes (for instance tectonic TCTN 1 transmembrane protein) that are important in tissue-targeted ciliogenesis during embryonic development, for example, the Sonic Hedgehog signaling for neural tube development.
The ultrasonographic features in the late first and early second trimester consistent with the diagnosis include [21] [22] [23] [24] [25] the following:
1. A disproportionately large and protuberant abdomen with unusual heterogeneous cortico-medullary junction and large hypoechoic medullary areas, consistent with 2-10 mm cysts and an estimated renal volume larger than 95th percentile for age for all fetuses. The fetal bladder may or may not be visualized. This results in mild to moderate oligohydramnios by 17th week of gestation in most of the cases. 2. The central nervous system anomalies may range from a small abnormal anechoic cystic intracranial image to 
Conclusion
With 100% fetal or neonatal mortality and a high (25%) recurrence rate in pregnancy, a precise early diagnosis of MGS at 11-14 weeks by transvaginal ultrasound is vital for obstetric management. Ultrasound positively correlates with fetal autopsy findings. Parents should undergo genetic counseling for future pregnancies.
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